The tautomerism of three polymethylenepyrazoles bearing at position 3(5) a trifluoromethyl group has been studied by NMR in solution ( 1 H, 13 C, 15 N, 19 F) and in the solid state ( 13 C, 15 N).
Introduction
In this paper we present a comparative study of three pairs of methyl/trifluoromethyl pyrazoles concerning tautomerism and NMR properties, determined both in solution and in the solid state. The experimental data of the methyl derivatives, 1, 3 and 5, are from the literature [1, 2] . Theoretical calculations, at different levels, have been carried out on pairs of tautomers, 1H a and 2H b, of pyrazoles 1-6. The aim of this work is to determine if the structural information can be transferred from the well-known methyl pyrazoles, 1, 3, 5, to the less studied trifluoromethylpyrazoles, 2, 4, 6 [3] [4] [5] . Regarding 3(5),4-polymethylenepyrazoles (the IUPAC name of tetramethylene-pyrazoles is tetrahydroindazoles and pentamethylenepyrazoles are also named hexahydrocyclohepta[c] pyrazoles), they are known but not with perfluorinated substituents [6] [7] [8] [9] .
Results and Discussion

NMR studies in solution
The NMR results in solution of compounds 2, 4 and 6 have been gathered in Tables 1 (  1 H NMR) and 2 ( 13 C, 15 N and 19 F NMR). J HH (in this kind of symmetrical spin-system, observation of a triplet for a methylene group does not imply necessarily that the coupling constants are equal). The assignments are based on literature results on compounds 1, 3 and 5 and their Nmethyl derivatives [7, 8] , on NMR studies of trifluoromethylpyrazoles [3] as well as on 2D NMR experiments. The 15 N signal is that of the NH, the other one is not observed. The experimental data (Table 3) , 137.4 (C3) and 140.3 (C7a) correspond to tautomer 2a, thus all are 3-CF 3 tautomers 2a, 4a and 6a. Note that the signal of the C7a(C8a) carbon atom is much more dependent on the saturated ring than C3. In general and by analogy with literature results [3, 7, 8] , the signals of b tautomers, 2b, 4b and 6b, are expected at different positions.
NMR studies in the solid state
The NMR results obtained in the solid state using the CPMAS technique are reported in Table 3 .
The results of Table 3 are of the utmost importance for the present work. They must be commented in detail: i) Although in the three cases it appears that two molecules are present, by comparison with NMR data in solution, it is clear that both families of signals belong to tautomer a: 2a, 4a and 6a.
ii) By deconvolution we have estimated the proportion of the two molecules always being 60% of the major component and 40% of the minor one and this for 2a, 4a and 6a. The estimated error is ±3%. The two molecules should correspond to two independent molecules in the crystal that probably differ in their conformation.
iii) Most signals of pyrazole 4a (both molecules) are broad. This broadening is not due to tautomerism since 4b is absent. Therefore, we assigned it to conformational motions involving the polymethylene chain. This is probably related to the fact that in the DSC experiments (see experimental part) only 4 shows a phase transition. 
Gas phase values (theoretical calculations)
The tautomerism of polymethylenepyrazoles has been the subject of many calculations in relation with the Mills-Nixon effect. We have been the first to extend the Mills-Nixon effect from its original definition concerning resonance forms [11] to the equilibrium present in tautomerism, first to pyrazoles [8, 12] and then to enols of β-diketones [13] . These studies reported that small rings favor the tautomers b with an endo single bond. Since the 5-methyl group of the 3 and 4 series should produce a negligible effect on the tautomerism, we have decided to study pyrazoles 1 and 5 (previously reported [8] ) and 2 and 6. To these four pyrazoles we have added the corresponding five-membered derivatives (trimethylene pyrazoles) 7 and 8. Table 4 the results of the calculations of the twelve pyrazoles in what energy aspects are concerned. The results of Table 4 correspond to the balance between two factors: -The preference for the 3-position (i.e. 1H-tautomers a) increases in average 0.85 kJ mol In the case of the methyl derivatives the dipole moments are independent of the tautomerism because a methyl group is electronically similar to the first methylene of the polymethylene chain. Taking into account the considerable increase in dipole moments on going from b to a in the case of the trifluoromethyl derivatives (Table 4) , the proportion of tautomer a should increase in solution compared to the gas phase; this is consistent with the fact that only 2a and 6a were found experimentally.
Conclusions
Replacing a CH 3 by a CF 3 results in a very small increase in the stability of the 1H-tautomer a. Although at first glance this seems to correspond to the fact that electron-withdrawing substituents prefer the 3-position of the pyrazole ring, an analysis of the tautomerism of many pyrazoles bearing different substituents at position 3(5), shows that the 3(5) preference cannot be explained by simple electronic considerations [14] [15] [16] . The present work quantifying the effect of the replacement of a methyl by a trifluoromethyl group contributes to the general understanding of substituent effects on the tautomerism of pyrazoles.
Experimental Section
General Procedures. The compounds were prepared similarly to other trifluoromethylpyrazoles [17, 18] . To a solution of the corresponding trifluoroacetylcycloalkanone (15 mmol) in ethanol (15mL) was added rapidly a solution of hydrazine hydrochloride (18 mmol) in ethanol (15mL) at room temperature. The mixture was stirred under reflux 6 h. The excess of hydrazine hydrochloride was filtered off and the solvent was removed in a rotatory evaporator. The reaction mixture was extracted with chloroform (3 x 20 mL) and dried with sodium carbonate. The solvent was removed in a rotatory evaporator and the product was purified by column chromatography (silica gel 230 -240 mesh, 30 cm column, eluent hexane). Yields > 80%. The purity and the melting points were determined by DSC with a SEIKO DSC connected to a Model SSC5200H Disk Station. Thermograms (sample size 0.003-0.010 g) were recorded with a scan rate of 5.0 ºC min.
-1 . Mass spectra (HRMS) at 70 eV using electron impact mode was performed on a VG Autospec spectrometer in the "Laboratorio de Espectrometría de Masas-UAM, Madrid". Computational details. Theoretical calculations were carried out at the B3LYP/6-31G** level [19, 20] using the Titan version 1.0.5 for Windows 98 package. Particular care has to be taken with the pentamethylene derivatives 5 and 6 because there are several conformations of the seven-member ring that are minima. The absolute minimum corresponds to a pseudo-chair conformation, typical of cycloheptene [21] .
